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ABSTRACT 
This study aims at analyzing pushover on pile jacket structure 
based on SNI-1726:2012 standards for earthquake loads. Push-
over analysis or ultimate strength was performed on ULA jacket 
platform operated by PHE ONWJ. The jacket platform is operated 
in the northwestern part of the Java Sea. Design of earthquake 
loads on ULA jacket platform structure with large seismic accele-
ration was obtained. From seismic analysis, dynamic response 
occurred on ULA jacket platform is evaluated, with natural struc-
ture period of 1.256 seconds. The largest shear base values were 
in X and Y directions resulted from seismic acceleration of PGA 
0.2g. On member check, the critical part happens to be one of the 
members of WD2, and on joint check, the largest UC occurred on 
401L joint, both were due to the aforementioned earth quake ace-
leration. Pushover analysis was then performed to obtain the value 
of RSR (Reserve Strength Ratio). The analysis yields an RSR value 
which far exceed the limiting criteria of API RP 2A WSD of RSR ≥ 
0.8. Therefore it could be concluded that ULA jacket platform 
structure is within the range of low consequence category. 
 
Keywords: jacket platform, seismic, ultimate strength, push-
over, PGA, RSR 
 
 
1. INTRODUCTION 
 
Generally, a fixed offshore platform consists of three main 
components. Firstly, the deck as the supporting structure to 
uphold the topside and entire operation area of the platform. 
Secondly, the jacket functioned as pillar to support the deck 
and transferring of loads both in vertical and lateral direc-
tions. Thirdly, the pile as the foundation for the jacket plat-
form anchored in the seabed [1]. The stability of jacket 
platform essentially depends on the stability of the pile [2,3]. 
Pile is one of the important components of offshore struc-
ture, but also one of the most vulnerable component. This is 
because pile is closely related to the condition of the ground 
or seabed.  
In this study, pushover on the pile of ULA jacket 
platform is analyzed by using API RP 2A WSD approach. 
ULA jacket platform is a fixed offshore platform structure 
that serves to process oil and gas from wellhead before it is 
transported through the pipeline. The flow rate of ULA 
jacket platform is 10 MMSCFD and oil production is 
approximately 3,000 BOPD with a 3-phase fluid with the 
route of pipeline ULA leads to UW platform. The location of 
ULA platform is at the coordinate of 06o 05' 39.44" Latitude 
and 107o 42' 29.07" East Longitude, which is in the waters 
around North West Java Sea, as indicated in Fig. 1. 
 
 
Figure 1. The location of ULA jacket platform 
 
2. MATERIALS AND METHODS 
 
The flow of activities undertaken to resolve the problems of 
this study is commenced by literature review, carried out 
toward references related to this study from scientific 
journals, thesis and relevant sources. Further, the jacket 
design refers to ULA jacket platform of PHE ONWJ, ope-
rated at water depth of 74.875 ft. The diameter of the jacket 
leg was 33 inches with five levels of bracing, namely:  
1. Jacket Bracing elev.  (-) 1.735 ft  (Jacket Walkway 
level) 
2. Jacket Bracing elev. (-) 20.615 ft 
3. Jacket Bracing elev. (-) 39.335 ft 
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4. Jacket Bracing elev. (-) 58.055 ft 
5. Jacket Bracing elev. (-) 76.775 ft  (Mudline level) 
Once the structure model is designed, as shown in Fig. 
2, the next stage is to perform an in-place analysis to validate 
the modeling of the data existing structure data. In-place 
analysis used structural analysis software. Validation was 
reviewed from the comparison of the structural weight data 
and the weight resulted from the modeling.  
 
Table 1. Validation of structure modeling  
Weight of Structures (kips)  
Correction (%)  
Data  Modeling  
586.562  590.676  0.993  
 
In Table 1, the correction value of the structure weight 
does not exceed 5%. Hence the result of structure modeling 
is considered valid and aptly represents the actual condi-
tions. 
 
Figure 2. Results of structure modeling of overall ULA 
jacket platform 
 
The next stage is to determine seismic loads with SNI-
1726:2012 standards. In determining this earthquake loads, 
it is necessary to analyze the equivalent lateral force. The 
analysis of equivalent lateral force is the static analysis in 
SNI-1726:2012. The purpose of this analysis is to obtain 
base shear force generated by the earthquake loads which is 
already obtained, as described in the following. 
 
2.1 Establishing Building Risk Categories 
Building risk category is associated with the level of risk 
allowed in the planned building as intended. According to 
SNI-1726:2012 [4] there are four building risk category, as 
particularly shown in Table 2. 
 
Table 2. Building risk category [4] 
 
 
2.2 Determining Virtue of Earthquake Factor Ie 
Ie value is obtained based on the risk category of a building 
or structure. Table 3 presents the virtue of earthquake factor 
Ie. 
 
Table 3. Virtue of earthquake factors [4] 
 
 
2.3 Determining Site Classification 
The determination of seismic design criteria should be 
performed, particularly in the form of amplification factors 
for the structure. In determining amplification factors of a 
structure, the soil profile at the site should be determined. 
There are three most influential parameters in determining 
the classification of site:  
• Average shear strength of undrained, Su, 
• Average standard field penetration resistance, N (for 
cohesive soils), NCH (for non-cohesive soil), 
• Average velocity of shear waves, Vs  
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The site classification can be seen in the Table 4. 
 
Table 4. Site classification [4] 
 
 
2.4 Determining Site Coefficient, Fa and Fv 
Site coefficient can be obtained based on the classification 
of the site. Tables 5 and 6, respectively, depict the site 
coefficients Fa and Fv to be implemented. 
 
Table 5. Site coefficient, Fa [4] 
 
 
Table 6. Site coefficient, Fv [4] 
 
 
2.5  Determining Mapped Soil Motion Acceleration 
Ss and S1  
After determining the classification of the site, the ace-
leration of ground motion in shorter periods (0.2 secs), Ss 
and 1.0 sec period, S1  is determined as seen on the maps in 
Figs. 3 and 4, respectively. 
 
 
Figure 3. Map for Ss 
 
 
Figure 4. Map for S1 
 
2.6  Determining Design Spectra Acceleration, SDS 
and SD1  
Prior to determining spectra of the design acceleration, 
parameters of acceleration response spectrum is determined 
by applying eqs. (1) and (2). Then the spectra of design 
acceleration is determined using eqs. (3) and (4).  
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𝑆𝑀𝑆 =  𝐹𝑎 x 𝑆𝑆  (1) 
𝑆𝑀1 =  𝐹𝑣 x 𝑆1                      (2) 
𝑆𝐷𝑆 =  
2
3
 𝑆𝑀𝑆  (3) 
𝑆𝐷1 =  
2
3
 𝑆𝑀1     (4) 
 
where:  
𝑆𝑀𝑆 : parameter of response spectrum acceleration for short 
period 
𝑆𝑀1 : parameters of response spectrum acceleration for 1 
second period 
Fa and Fv : sites coefficients 
SS : short period (0.2 secs) 
S1 : 1.0 sec period 
𝑆𝐷𝑆 :  acceleration of spectra design for short period 
𝑆𝐷1 : acceleration of spectra design for 1.0 sec period 
 
2.7 Determining the Fundamental Period Estima-
tion, Ta 
As fundamental period of a structure has not been deter-
mined, fundamental period estimation, Ta, is first esta-
blished. This Ta value can be determined by eq. (5):  
 
𝑇𝑎 = 𝐶𝑡 × ℎ𝑛
𝑥    (5) 
 
where :  
𝑇𝑎 : fundamental period forecast 
𝐶𝑡 : vibrating time coefficient 
     hn  : structure height from the base to the structure level. 
Table 7 below contains the vibrating time coefficient, 
𝐶𝑡  and the estimated value of x. 
 
Table 7. Vibrating time coefficient 𝐶𝑡  and the estimated 
value of x. [4] 
 
 
2.8 Determining Response Spectrum, Sa  
There are three provisions in determining t spectrum 
response, as categorized in the following: 
1. For the period less than T0, the response spectrum is 
determined by the equation:  
𝑆𝑎 = 𝑆𝐷𝑆  ( 0.4 +  0.6
𝑇
𝑇0
)  (6) 
  
2. For a period greater than or equal to T0 and less than 
or equal to Ts,, design acceleration response spectrum, 
Sa, is equal to SDS  
3. For a period greater than Ts ,design acceleration 
response spectrum, Sa, is determined by the equation: 
  
𝑆𝑎 = 
𝑆𝐷1
𝑇
   (7) 
 
where T is the structure fundamental period. Whereas T0 
and Ts may be determined using the following equations: 
 
T0 = 0,2 
𝑆𝐷1
𝑆𝐷𝑆
 (8) 
TS = 
𝑆𝐷1
𝑆𝐷𝑆
 (9) 
 
2.9  Determining Response Modification 
Coefficient, R  
The value of response modification coefficient, R, depends 
on the way the structure system is planned. Response modi-
fication coefficient table for a structure, whether or not that 
resembles a building, may refer to SNI-1726:2012 [4] in 
Table 9 and 20 (for the structures that resemble buildings) 
and Table 21 (for structures that do not resemble building). 
 
2.10  Determining the Seismic Response 
Coefficient, Cs  
Seismic response coefficient, Cs, is given by eq. (10): 
 
𝐶𝑠 =
𝑆𝐷𝑆
(𝑅/𝐼𝑒)
⁄      (10) 
 
where Ie is factors of risk categories. In this purposes the 
period of the structure T may be approximated as the funda-
mental period, Ta. 
 
2.11 Determining Seismic Effective Weight, W  
Seismic effective weight, W,  should be taken to include 
dead load and other loads as listed in SNI-1726:2012 article 
7.2.2. Further for the value of the wind load can refer to SNI-
1727:2013 [5].  
 
2.12 Determining Basic Shear Force, V  
Basic shear force, V, is determined by multiplying seismic 
response coefficient with effective seismic weight as 
expressed in the following equation:  
 
𝑉 =  𝐶𝑠 x W (11) 
 
Furthermore, after analyzing the equivalent lateral force, 
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earthquake loads is obtained, seismic analysis was carried 
out by raising the burden of the PGA with maximum load of 
PGA according to the analysis result of the equivalent lateral 
force. Seismic analysis was performed by using structural 
analysis software.  
The final stage of this final project is to analyze pushover 
to obtain the value of RSR (Reserve Strength Ratio). 
Pushover analysis was performed by using structural 
analysis software. 
 
2.13 Reserve Strength Ratio (RSR) and System 
Redundancy (SR)  
Jacket structure has different Reserve Strength Ratio (RSR) 
for each direction of loading. RSR is defined as the ratio of 
ultimate lateral load on its structure bridge receives 
environmental condition of lateral load of 100 years. This is 
calculated by using the procedure recommended by API RP 
2A WSD [6]. RSR can be calculated by using the equation: 
 
RSR = 
𝐵𝑎𝑠𝑒 𝑆ℎ𝑒𝑎𝑟 𝐶𝑜𝑙𝑙𝑎𝑝𝑠𝑒
𝐵𝑎𝑠𝑒 𝑆ℎ𝑒𝑎𝑟 𝐴𝑤𝑎𝑙
       (12) 
 
System Redundancy (SR) is the ratio of the load when 
structure collapse with the loads at the first event of member 
failure [4,7-9].  
 
3. RESULTS AND DISCUSSION 
 
3.1 Equivalent Lateral Force Analysis  
Risk Category and Earthquake Virtue Factor , Ie. Based on 
the risk category in Table 2, the jacket structure so evaluated 
belongs to category IV. Thus, by referring to Table 3, the 
value of the earthquake virtue factor, Ie, is 1.50.  
Site Classification and Site Coefficient, Fa & Fv. Based 
on the soil data obtained, there is only information of strong 
undrained shear average. Thus, site classification is deter-
mined by the undrained shear strength average contained on 
the soil data. Based on Table 4, the classification of the 
corresponding site is SB (bedrock). Hence, according to 
Table 5, the value of the site coefficient Fa and Fv is found 
to be 1.00.  
Acceleration of Mapped Soil Motion , Ss and S1. Based 
on the map in Figs. 3 and 4, Ss is 0.612 and S1 is 0.249.  
Acceleration of Design Spectra, SDS and SD1. After 
determining site coefficient and mapped earthquake ace-
leration, the next step is to determine SMS and SM1, as shown 
in eqs. (1) and (2). Both factors are used to determine the 
design acceleration spectra as in eqs. (3) and (4).  
 
𝑆𝑀𝑆 = 1.00 x 0.612 =0.612                                       
𝑆𝑀1 = 1.00 x 0.249 = 0.249 
𝑆𝐷𝑆 = 0.67 x 0.612 = 0.408  
𝑆𝐷1 = 0.67 x 0.249 = 0.166 
Fundamental Period of Estimates Structure, Ta. Accor-
ding to Table 7, the type of structure is a steel frame with 
eccentric bracing, thus vibrate time coefficient, Ct is 0.0731 
and x is 0.75. While the height of overall jacket structure, 
from the mudline to helideck, is 36.016 m. Therefore the 
estimated fundamental period of the structure is:  
 
Ta = 0.0731 x 36.016 0.75 = 1.075 secs 
Response Spectrum, Sa. Unknown period of fundamental 
structural estimate is more than Ts = 0.407 secs, the response 
spectrum is determined by using the eq. (7). The trend of 
response spectrum, Sa  =  
𝑆𝐷1
𝑇
 , as function of time T can be 
plotted as in Fig. 6.  
 
 
 
Figure 6. Response spectrum  
 
Response Modification Coefficient, R and Seismic 
Response Coefficient, Cs. According to Table 9 in SNI-
1726:2012, for system of steel frame structure with eccentric 
bracing, response modification coefficient, R = 8.0. SDS is 
0.408, the value of Ie is 1.50 and T = Ta = 1.075 secs. Thus 
seismic response coefficient, Cs can be determined as:  
 
𝐶𝑠 =
0.408
(8.0/1.5)⁄ = 0.076  
Thus, the seismic response coefficient, Cs is 0.076.  
  
Seismic Effective Weight , W. Effective seismic weight is 
determined by adding up all the dead loads of the overall 
operation load. Note that the total value of the dead load is 
2,627.5 ton and overall operating load is 893.2 ton. Then:  
 
W = (2,627.5 + 893.2) ton = 3,520.7 ton 
 
Thus, effective seismic weight, W is 3,520.7 ton.  
Base Shear Force, V. Seismic response coefficient Cs is 
0.076 and effective seismic weight W is 3,520.7 ton. Then 
the base shear force can be determined by:  
 
V = 0.076 x 3,520.7 = 267.6 ton = 2,666.7 kN 
 
Hence, the basic shear force, V is 2,666.7 kN or PGA 0.2g.  
 
3.2 Seismic Analysis  
This analysis aims at obtaining the response of the structure 
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dynamic. Earthquake loads (PGA) used were 0.04g, 0.08g, 
0.12g, 0.16g, and the largest was 0.2g (based on the 
calculation of equivalent lateral force analysis).  
Natural Period. The resulting natural period of seismic 
analysis is 1.256 secs.  
Base Shear. Table 8 below contains the values of base 
shear generated for two orthogonal axes.  
 
Table 8. Base shear 
 
Values in Table 8 indicates that the largest base shear 
occurs in structures for PGA seismic load of 0.2g, namely 
67.9 kips in the X-direction and 75.7 kips in the Y-direction.  
Member Check. Member check has been carried out on 
the structure components which are considered critical, 
where the results are presented in Tables 9a-c. 
 
Table 9a. UC member group PLB 
 
 
Table 9b. UC member group PLV 
 
 
Table 9c. UC member group WD2 
 
 
From the above three tables, it is obvious that the greater 
the PGA (g) yields the greater the UC member. This is 
because the increasing magnitude of load that occurs on the 
members. The fact indicates that the most critical member 
happen to be the member group WD2, which is the 
mezzanine deck of the wellhead, with UC of 0.98 and PGA 
of 0.2 g. 
Joint Check. The results of T-joint check, as exhibited in 
Table 10, indicates that the all the critical joints met the 
criteria according to API RP2A WSD [6], with UC below 
1.0. In the Table 10, a number of maximum joint UCs are 
given as function of the PGA increment.  
Table 10. UC of critical joints 
 
3.3 Pushover Analysis 
Pushover analysis was carried out by referring to API RP2A 
WSD standard code [6]. In this analysis, member on the pile 
is regarded as elastic member, while the others are 
considered as plastic member. The strength capacity of the 
member will be judged in accordance to the RSR and SR 
values. 
RSR is the result of the calculation of the ratio between 
base shear collapse and initial base shear. Meanwhile, SR is 
the result of the calculation of the ratio between base shear 
collapse and base shear when the member experienced fail 
for the first time. Table 11 below gives the RSR and SR 
resulting from the pushover analysis with the PGA of 0.2g.  
 
Table 11. Results of pushover analysis  
 
 
The values in Table 11 show that the smallest RSR is at 
PGA 0.2g with the loading direction of 330o, in the order of 
1.735. This value proves the structure satisfy the limiting 
criteria according to API RP 2A WSD, and as RSR ≥ 0.8 
hence the structure is within the Low Consequence category. 
Further, results of the pushover analysis can be observed 
from the chart in Fig. 7, where comparison is made between 
the RSR which is predicted to occur on the platform and the 
allowable RSR.  
 
 
Figure 7.  Comparison between predicted (actual) RSR and 
the allowable RSR  
0.2 
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4. CONCLUSIONS 
 
Based on the analysis performed in this study, the following 
conclusions are drawn:  
 Design of earthquake loads on ULA jacket platform 
structure with large seismic acceleration is determined 
by using SNI-1726:2012 standards.  
 The results of seismic analysis revealed dynamic respon-
se that occurs on ULA jacket platform with 1.256 secs 
structure natural period. The largest base shear in X- and 
Y-directions is caused by PGA seismic acceleration of 
0.2g.  
 Based on the member check, the critical member is 
found to be the group WD2. Whereas on the joint check, 
the largest UC occurred on 401L. 
 ULA jacket platform analysis resulted in RSR (Reserve 
Strength Ratio) which far exceeds the API RP 2A WSD 
criteria of RSR ≥ 0.8. Therefore the structure is within 
the Low Consequence category. 
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